Fourteen 8-week-old calves infected with S.
INTRODUCTION
The occurrence of multiple resistance of the transferrable type in strains of S. typhimurium isolated from pigs and humans was reported by Anderson (1965) . Moreover, resistance was most common among strains of S. typhimu-1 We gratefully acknowledge the technical assistance of Eva Barrion. Thanks are also due to Charles Riggs and his staff for the statistical analyses. ~Also referred to as Flavomycin| registered TMHoechst AG.
rium, phage type 29. This strain is considered to have originated in cattle, and the multiple drug-resistance was related to the use of antimicrobials in calf feed (Smith, 1968) .
The effect of chlortetracycline feed additives on experimental Salmonella infections in swine has been reported (Finlayson and Barnum, 1973) . Although the infecting organism was antibiotic sensitive, multiresistant strains of S.
typhimurium were isolated from tissue of swine which were fed various concentrations of chlortetracycline. In a similar study on the influence of bambermycins 2 on Salmonella infections in swine, the opposite effect was observed (Dealy and Moeller, 1976) where a significant number of antibiotic-sensitive S. typhimurium was isolated from feces following infection with a strain which carried muhiresistant transfer factors. The present report relates studies to assess the effect of bambermycins in feed upon experimental Salmonella infections in calves and upon the occurrence of R-factor elimination in vivo.
EXPERIMENTAL PROCEDURE
Twenty male Holstein calves, 5 to 6 weeks of age, purchased at auction were used in this study. Previous antibiotic treatment histories were not available. The calves were housed in separate stalls inside a ventilated barn. The barn and stalls had been previously steamed cleaned; the cement floor, with sewage drains, was hosed down daily during the trial. Rectal fecal samples were collected with sterile surgical gloves from each calf on two separate occasions before the start of the trial. All calves were negative for Salmonella. The average weight of the calves before the experiment started was 78.2 kilograms.
The nonmedicated cattle developer was a commercial feed containing 14% protein, 2.5% fat, and 9.0% fiber. 
T-terramycin (oxytetracycline), SSS-sulfonamides (triple sulfa), Cl-colistin (polymyxin), F-bambermycins (Flavomycin). Sensitivity (S) and Resistance (R) are based on Bauer (1966) method. DVR-76 carried plasmid resistance to ampicillin, streptomycin, oxytetracycline, and triple sulfa (L. D. Robbins, unpublished data).
The calves were randomly allotted by weight into four treatment groups. Seven calves were assigned to the Salmonella infected Treatment Groups A (nonmedicated feed) and B (bambermycins medicated feed). Three calves were assigned to the two identically treated uninfected environmental control groups included in order to monitor for cross-contamination. Management practices were the same for all groups. Precautions were taken to restrict the movements of personnel to avoid the possibility of cross-contamination.
The S. typbimurium strain used for infecting the treatment groups was previously titrated to insure that a sufficient number of organisms was introduced to facilitate colonization. The calves in Treatment Group B were fed the medicated ration containing bambermycins for 5 days prior to inoculation. All 14 animals in Groups A and B were inoculated at approximately 8 weeks of age. The animals were fasted overnight before infection with S. typbimurium by gavage. A plate count of the inoculum using Brilliant Green Agar was made following infection. Each animal received 3.0 x 1012 organisms.
Fecal samples were taken from all calves on days 2, 4, 7, 10, 14, 21, 28, 35, 42, 49 and 56 postinfection. Specimens were processed as soon after collection as possible. Salmonella typbimurium counts were made on homogenized fecal samples by methods previously described (Dealy and Moeller, 1976) .
Five colonies from each fecal specimen suspected of being Salmonella were biochemically and serologically identified by the methods of Falkow (1958) and Edwards and Ewing (1962) . These isolates were tested for susceptibility to antibacterials according to methods previously described using the same selection of antibiotic discs (Dealy and Moeller, 1976) . Fifty-six days postinoculation, all calves were killed and necropsied. Liver, spleen, ileocaecal lymph node and cecum were aseptically collected in that sequence. One gram of each tissue was minced and cultured in 9 ml Tetrathionate Brilliant Green Broth for 48 hours. Broth cultures were then transferred to Brilliant Green Agar for Salmonella isolation and identification. 
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The geometric mean of the number of organisms recovered per gram of wet feces at each sampling time for each of the two infected groups is shown in table 1. At 2 days postinfection, Salmonella was recovered in the feces of all infected calves and recoveries were made from all infected animals at least four times during the trial. All environmental control calves were negative of Salmonella throughout the trial. The mean number of Salmonella recovered per calf on days 2 and 4 was less (P<.01 and <.02) for the bambermycins-treated group than for the control group. At 7 days postinfection, the difference between the two groups was also large (P<.08). Figure 1 depicts the percentage of calves shedding Salmonella for sampling periods 2 through 42. Generally, the number of animals shedding Salmonella was lower in the medicated group, the exceptions being days 2 through 10. The nonmedicated control animals were 100% positive for 14 days postinfection while the percentage of calves shedding Salmonella in the bambermycins-medicated group dropped to 70% by day 14. On days 14 through 42, the differences between the percentage of positive calves in the nonmedicated and the bambermycins-medicated groups were approximately 30%. By 42 days, shedding had ceased in the bambermycins-medicated calves while calves in the nonmedicated group continued to shed Salmonella. On days 49 and 56, all animals were negative for Salmonella.
Prevalence of Salmonella between the nonmedicated and bambermycins-medicated calves was further analyzed by comparing the proportion of animals having positive counts (i.e., greater than zero) by group for all time periods. The results are shown in table 2. For the 2 through 42-day period there was a total of 63 possible positive samples for each group. The observed number of positive samples for the nonmedicated and bambermycins-medicated groups were 48 and 39, respectively. This analysis illustrates that Salmonella was more prevalent (P<.02) in the nonmedicated group for the 2 through 42-day period. Five clones from each fecal sample which was positive for S. typbimurium were tested for antibacterial susceptibility. Since the infecting organism remained sensitive throughout the trial to chloramphenicol, nitrofurantoin, gentamycin, neomycin and colistin these antibacterials are not included in the data. Differences were not found in the resistance patterns of Salmonella to triple sulfa, so it was excluded from statistical analyses.
For three antibiotics, the mean percent of positive animals carrying an antibiotic-sensitive strain of Salmonella was calculated for each group from days 2 through 21. The results are given in table 3. Calves fed bambermycins had greater number of Salmonella clones recovered from feces that were sensitive to streptomycin 
Discussion
This investigation illustrated that feeding bambermycins at 10 rag/head/day to 8-weekold calves experimentally infected with S. typbimurium decreased the number of organisms shed during the first 7 days after infection (P<.08) and decreased the total duration of time that Salmonella was shed. Generally, the quantity of shedding was less for the bambermycins-medicated group with the differences being the greatest on days 2 and 4 (P<.01 and <.02). Additionally, the prevalance of Salmonella in these calves was also reduced (P<.02).
Similar studies using chlortetracycline illustrated that the pattern and the number of S. typbimurium recovered in feces of calves were not altered significantly by continuous daily chlortetracycline feeding (Royal et al., 1970) . Finlayson and Barnum (1973) reported similar findings in swine. However, results of investigations reported elsewhere (Dealy and Moeiler, 1976) showed that bambermycins feeding greatly reduced both the quantity and prevalence of S. typbimurium in experimentally infected swine.
Investigations where low levels of bambermycins were added to swine feed further demonstrated that bambermycins reduced antibiotic resistance in E. coli (Federic and Sokol, 1973) and S. typbimurium (Dealy and Moeller, 1976) . The results reported here also illustrate that the addition of bambermycins to the diet of calves decreased the number of organisms resistant to streptomycin, ampicillin and oxytetracycline. Since resistance to these antibacterials is R-factor-mediated, the data suggest that bambermycins decreased antibiotic resistance by elimination of R-factors. While the question of multiple resistance was not specifically addressed, the data further indicate that resistance was lost with decreasing frequency to: 1) ampicillin + oxytetracycline; 2)streptomycin + oxytetracycline; and 3) ampicillin + oxytetracyline + streptomycin.
LITERATURE CITED
Anderson, E. S. 
